Abstract.
The specific criterion we adopt, based on a previous experimental study using data from 148 the CRRES Plasma Wave Experiment, requires that the wave amplitude for frequencies 149 in the range f ce < f < 2f ce be greater than 0.0005 mVm −1 in order for the wave and 150 particle data to be included in the survey [Meredith et al., 2004] . 
169
The flux distributions show that suprathermal fluxes at all energies increase with in-
170
creasing geomagnetic activity, and penetrate to lower L-shells, due to the enhanced con-171 vection electric field [e.g., Korth et al., 1999] . The MLT distributions also become more 172 asymmetric with increasing geomagnetic activity, due to increases in both electron injec- timescale at these energies, giving rise to strong MLT gradients.
178
It should be noted that a few L-MLT bins do not contain particle data due to incomplete 179 coverage by CRRES (e.g., 4 < L < 5, 2300 < MLT < 0000, and L > 6 at 0900 < MLT Figure 2a . If an assumed distribution of the form:
is used, the J 0 and m values can be readily obtained by taking the logarithm of (1),
199 and solving for a 0 , a 1 in (2) in a least-squares sense [Press et al., 2002, p.661 Figure 2b .
216
If we further assume the phase space density expression to be of the form:
as has been done previously [Bell et al., 2002] , then combining (1)-(5) gives:
We show in Figure 2b 
226
It should also be mentioned that we experimented with a phase space density of the
, and fitted to the data points using a simulated annealing 
Ray tracing and Landau damping
The fitted distribution discussed in Section 2.2 can now be combined with ray tracing to 232 study the propagation characteristics of chorus. We use the same methodology as Bortnik 233 et al. [2006] , which is illustrated in Figure 3 . 
Ray tracing methodology
Using the Stanford VLF raytracer [Inan and Bell, 1977] , individual rays representative 
239
In the course of the ray propagation, the appropriate suprathermal distribution f (v) is 240 used to calculate the Landau damping rate at every point along the ray path [Brinca, 241 1972; Bortnik et al., 2003] , and integrated to give the total damping of the ray. Figure   242 3b shows the total damping calculated for the ray in panel (a), using the corresponding 
258
In Figure 3c , the wave normal angle of the ray is shown as a function of latitude, to 259 the point of termination at λ f = 16.34
• . Even though the ray propagates for a relatively 260 short distance, it should be noted that the wave normal angle rotates to relatively high 261 values ψ ∼ 50
• in the course of its lifetime, which accelerate its damping (c.f. Figure 3b) 262 [Brinca, 1972; Thorne and Horne, 1994] .
263
We note that in Figure 3 , and all subsequent ray tracing simulations in the present study,
264
the B-field model was assumed to be a simple dipole, and the equatorial gyrofrequency 265 f ce is shown as the dashed line in Figure 3d . 
Calculation results
The single ray example illustrated in Figure 3 (Ac), MLT=1600 and 0600 respectively, correspond to rays that are able to undergo a 285 magnetospheric reflection [e.g., Parrot et al., 2003; 2004; Bortnik et al., 2006] and return 286 to low latitudes before being extinguished, due to the very low damping (corresponding to 287 low frequency of the wave) and low L-shell, as discussed further below. Since our density
288
profile was fixed in all simulations (e.g. Figure 3d) 
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Immediately evident is the strong degree of geomagnetic control of chorus intensity.
357
During active times (column 3), the chorus wave power is ∼ 1000 times stronger than 
Storm-time chorus distributions
In Figure 6 we show the distribution of chorus wave power for active conditions (i.e., 
374
The tendency of chorus wave power to move to higher latitudes with increasing MLT is 375 clearly evident at all frequency ranges, in agreement with our calculations. In addition, if
376
we contrast a low frequency component (e.g., column 2, 0.2f ce < f < 0.3f ce ), with a high 377 frequency component (e.g., column 5, 0.5f ce < f < 0.6f ce ), it is clear that significantly to when the frequency is low. This supports our theoretical prediction that Landau 380 damping controls the latitude to which chorus waves are able to propagate, indicating 381 larger damping at higher frequencies.
382
By studying the L-shell distribution of the wave power, for example row 2, columns 383 4-6, it is apparent that the chorus wave power is able to propagate to higher latitudes at 384 lower L-shells, in accordance with our prediction. We note that the ability to observe this 
Discussion
In the foregoing comparison, it was demonstrated that many of the observed character-391 istics of the chorus wave-power distribution could be successfully explained on the basis 392 of Landau damping by the suprathermal electron (∼ 1 keV) population. In particular,
393
the tendency of lower frequency components to propagate to higher latitudes than higher 394 frequency components was clearly shown in both our simulations and the CRRES data.
395
The fact that chorus waves are Landau damped during their first hop away from the 396 equator (unidirectional propagation) support previous theoretical [Bortnik et al., 2006] 397 and observational [LeDocq et al., 1998; Lauben et al., 2002] geomagnetic conditions (AE < 100 nT, 100 < AE < 300 nT, and AE > 300 nT).
503
Based on the work presented in this paper, a number of conclusions can be drawn: 504 1. At all wave frequencies and geomagnetic activity conditions, chorus rays were Landau 505 damped before they were able to magnetospherically reflect, consistent with the observed 506 unidirectional propagation observed generally away from the equator. 
